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I.   PURPOSE 

Our primary objective is to grow large single crystals of LaA103 

doped with chromium from a hydrothermal system, using seed crystals 

produced from a molten salt system.  Factors influencing the growth 

of large single crystals such as regions of congruent solubility, 

crystal stability, and degree of solubility will be examined. 
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II.  ABSTRACT 

Large single crystals of pale yellow LaAlOa (undoped) measur- 

ing approximate1 y 1/2" x 1/2" x 1/4" were successfully grown ii. a 

250 ml crucible from a Bi203-B203 flux.  The ratio of B2O3 to Bi203 

was an important consideration in the composition of the melt: 

compositions consisting of about 19 m % B2O3 appeared to produce 

the best growth.  Larger B2O3 ratios produced a glassy melt from 

which no crystals grew while pure Bi203 yielded numerous small 

crystals no larger than 1 mm . 

Weight gains of up to 36% have been achieved in the hydro- 

thermal system using flux grown seeds  Hydrothermally reacted and 

sintered LaAlC3 pellets have been tried as nutrient-  Also a hot 

pressed mixture of the component oxides was tried.  Neither approach 

was completely successful, but each method shows some merit. One 

large autoclave failed due to cracks in the seal area during the re- 

port period  It has been rebored, fitted with a liner and water 

tested successfully. 

Optical absorption and fluorescence measurements have been made 

on flux and hydrothermally grown samples of LaA103;Cr and on undoped 

flux grown L'A103.  The hydrothermally grown samples appear green 

due to the presence of a transmission band at 5300A0. 
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R11-5Ü3 

III  STATUS 

This report covers the six month period July 1, 1965 to 

December 31, 1965.  During this period success has been achieved in 

the growth from molten salt systems of large single crystals up to 

1/2" x 1/2" x 1/4" in a 250 ml crucible.  These crystals are of a 

size and quality suitable for hydrothermal seeds 

We have also continued our study of hydrothermal gro th condi- 

tions by investigating nutrient sources and making adjustments of fill 

conditions as required by nutrient changes.  Currencly underway are 

attempts to grow LaAlOa crystals below and above the 4350C transition 

temperature in regions determined by the phase study. 

Table I indicates the goals set forth for the current contract 

and their status  The most serious delay during this period was 

caused by the extremely corrosive nature of BiaC^ especially when 

crucibles had been previously used with lead salts.  Several cans 

leaked their contents upon the pedestal and the furnace had to be 

rebuilt..  New crucibles, which have a delivery time of 6 to 8 weeks, 

had to be ordered.  New crucibles, that have never been used with lead 

salts, have a lifetime of three to four runs 

1 - 

I 

L 
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Rl1-503 

IV.  MOLTEN SALT CRYSTAL GROWTH 

A.   Experimental 

While large LaAlOs crystals can be grown from PbF2 solutions, 

temperatures approaching 15000C must be attained.  So severe was fur- 

nace and platinum crucible attack at these temperatures that a search 

for a new solvent system was started m spite of the success which had 

been achieved with PbFa 

A summary of all molten salt runs made duiing this period is 

shown in Table II  The following systems; were investigated 

1;  Pb0-B203 

This flux has been successfully used to grow large 

PrA103 crystals  Runs 80 and 81 (see Table II) used 64-20 m% PbO and 

20.60 m% B2O3 to dissolve 7.60 m% La203 and AI2O3 respectively. 

Run No. 81 was heated to ISOO^C soaked for 4 hours and 

cooled to 1000oC at 5cC/hr  Run No. 80 was treated similarly  Only 

very small crystals of LaA103 were found along with many sharp needles 

and platelets  These platelet crystals were thought to be borates 

and samples from run No 84 made under similar conditions proved to be 

LaB03 when checked by X-ray and by wet cheuical analysis.  Composition 

was varied from stoichiometric, that is, equimolar La203',"Al203 (No 87), 

in an attempt to compensate for the La which was taken out of solution 

when LaBOj was crystallized.  The ratio of B2O3 was also varied widely, 

from a high of 24 47 m% (No. 84) to a low of 10 54 m% in run No  95 

In no case die the LaA103 crystals increase appreciably in size over 

those produced in No- 80  Pure PbO was not tried because in work per- 

formed prior to the contract, crystals of LaA103 grown in pure PbO 

3 
averaged 1 mm m size  Puie PbO also proved to be extremely corrosive. 
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Molten Salt Crystal Growth (continued^ 

destroying a platinum crucible usually before the completion of the run. 

Remeika had similar experiences with pure PbO 

2) Ba0-B203 

No crystals of LaiA103 were grown in any of the BaO-BzC^ 

fluxes  In run No. 62, 4 43 m% La.203  and 4 72 m% AI2O3 were dissolved 

in 62 75 m% BaO + 28 10 m% B2O3 at 130C0C  The flux was not liquid at 

1000oC and there were no crystals in the solid flux  Additional runs 

were made at higher solute concentrations (13 11 m% in No 70, 15-86 m% 

in No. 74) with no success  The flux was not corrosive tc platinum. 

3) Bi203-B203 

By far the greatest effort was concentrated on this 

system.  The flux was attractive because of its low evaporation and 

the absence of fluoride  It was however extremely damaging to the 

platinum crucibles particularly when lead salts had previously been 

used in the ?ame crucible.  Even with new crucibles, lifetime was 

usually only three or four runs.  Failure was usually due to crystal- 

lization and cracking of the platinum alonn grain boundaries. 

The phase diagram of the Bi203-3203 system shows four 

low melting eutectics exist at about 19, 45, 74 and 76 m% B2O3 composi- 

tion,  Bi203 with 0, 19,   45 and 76 m% B2O3 was investigated to deter- 

mine which composition seemed to give the largest crystals.  Run No. 67 

used 81 .11% Bi203 and 19 m% B2O3  This mixture was premelted and 

cooled (Run No 65).  Then 20 53 m% Laa^b + 20 30 m% Al203 were added 

and the entire melt was heated to 1340oC for 16 hours.  The result was 

a mushy melt at the 1000oC pour temperature indicating that complete 

solution did not occur, but many small well formed cubes and rods were 
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* Rl1-503 

Molten Salt Crystal Growth (continued) 

present  This run was repeated (No 69) with 10 wt% less solute and 

without the preraelting of the solvent  Unfortunately the plug broke 

and fell on the can during the soak spilling most of the contents= 

When this run was repeated as No 71 and again as No. 72 with a slight 

further reduction in solute concentration, the platinum crucible leaked 
i 

and while there was still some indication of incomplete solution the 

results were inconclusive  The crystals which were salvaged from these 

runs were of sufficient quality to indicate that ^ the corrosion prob- 

1        lem were reduced and the surface crust which formed could be dissolved, 

this flux would be suitable for further study. 

The 45 m%  B2O3 composition was tried in run No 79 

55 m% Bi203 ard 45 m% B2O3 were combined with equimolar quantities of 

LaaOa and Al203.  No crystals were observed  In run No. 82 the 76 m% 

B2O3 region was investigated  The flux formed a beautiful glass on 

cooling but no crystals of LaA103 could be found. 
I 
ä „ 

It was decided to return to the 19 m% B2O3 composition. 
! 

This time however a mmber ox changes were made.  A new crucible which 

had been used only once before with BiaOj was used. The soak period 
1 
i 

was increased to 16 hours and rotated during the entire soak period at 

1340oC.  The 8303^203 ratio was 18 93 m% B2O3 and 81.07 ra% 81203 
1 
i 
i — 

and there was 10 9V and 10 77 m%  LaaC^ and AI2O3, respectively, v-in 

the total melt  There was no crust when th ; flux was poured at 9fc0oC. 

The result was large crystals of LaA103 up to 1/2 x 1/2 x 1/4 inches 

l       (see Figure 1) together with needles and plates identified as LaBC^, 

f       These LaBOa crystals were easily separated because of their high 

solubility in the dilute HNO3 used to remove residual flux from the 

I 
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Rll-503 

Molten Salt Crystal Growth (continued) 

LaA103.  Thv» larger crystals were heavily flux included but the smaller 

ones were free of inclusions and were of high optical quality (see 

p       Figure 2)  All were in the form of rectangular parallelepipeds rather 

I 
than cubes and were a pale yellow color 

Run No 99 used B12O3 with no B2O3 added.  Crystal size 

was mostly reduced from No 96 and quality was not improved. 
1 

I- B   Discussion 

f* The crystals produced from the 81203-8203 system are among 

L 
the best ever grown from a molten salt system in a 250 ml crucible and 

I        are far superior to those grown in PbF2  The crystals grown in PbFa 

melts were only occasionally flux free and of high optical quality. 

L       This was because insoluble LaFj formed during the soak period and did 

f*       not dissolve until very high temperatures were achieved  If crystal- 
1 

lization of LsA103  began before complete solution of LaF3 occurred or 

if LaF3 is precipitated, multiple nucleation, heavily flawed and includ- 

ed LaA103 resulted. 
I 
1. Crystals of LaB03 are found in all runs in which LaAlUj 

crystals grow in Bi202~B203  fluxes.  It is not yet clear at what stage 

crystals of LaB03 grow.  These crystals, uöually found on the surface 

of the melt as are some LaA103 crystals, appear to nucleate after 

growth of LaAlOs ends.  The LaAl03 never nucleates on the LaB03 cry- 

stals nor has LaB03 ever been incorporated into a LaA103 crystal the 

way YAG grows on and around sapphire in melts containing excess Al20j. 

Solubility studies employing the quenched melt technique will estab- 

lish when nucleation of the berate begins  If the borate growth de- 

pends upon exhaustion of AI2O3, an excess of this component u.  1 be 
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Figure 2 

High Optical Quality LAA103 
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Rll-503 

Molten Salt Crystal Growth (continued) 

added to increase the LaA103 yield 

Optimum growth conditions have not yet been established: 

While the two runs (98 and 99) using pure Bi203 with no B2O3 were not 

entirely conclusive and must be repeated it is felt that the 19 m% 

B2O3 composition lies close to an ideal composition  The role of B2O3 

in molten salt fluxes is still obscure, but it seems to increase the 

rate of solution of oxides and prevent multiple nucleation.  The effect 

is observed in melts used for the growth of YIG and YAG and the effect 

in solvents PbO, PbF2 and Ei203 is similar 

Lead salts attack platinum crucibles mainly in the form of 

metallic lead reduced from the salt forming an alloy with the platinum. 

The attack usually has the appearance of small raised beads along the 

bottom edge of the crucible.  This attack can be substantially reduced 

by the use of an oxygen flow throug-' the furnace during crystal growth 

In the case of Bi203, the attack seens to be in turns of grain growth 

in the platinum with failure usually due to cracks along grain bound- 

aries.  Oxygen flow is relatively ineffective in prolonging platinum 

life.  The combination of Bi203 with lead salts seems to be particular- 

ly fatal with failure occurring in some instances in less than 24 hours 

Cans which had previously been used only with Bi203 usually lasted for 

three or four runs 

Page 13 

Airtron, a division of Litton Industries 



Rll-503 

V.   HYDROTFERMAL CRYSTAL GROWTH 

A.   Crystal Growth 

During the past report period crystal growth on seeds was 

achieved in two large autoclave runs (Runs LA-13 and LA-15).  In both 

cases the nutrient was a mixture of ruby and lanthanum oxide.  The 

largest amount of growth obtained was in run LA-15. Weight gains of 

up to 36% in 9 days were measured on the uppermost seed.  The condi- 

■*     ns  for LA-15 were 4800C growth temperature, 5300C dissolution 

temperature, 20,000  psi pressure and 8 molal K2CO3 as solvent.  A 

photograph of a crystal from LA-15 is shown in Figure 3.  Run LA-16 

was an attempt to improve on the conditions in run LA-15.  The growth 

temperature was raised 250C to 5050C and the 4T increased 50C to 550C 

both of which should increase the yield of LaAlOa-  No growth whatso- 

ever occurred nor was any spontaneous nucleation observed.  Careful 

scrutiny of the data did not reveal any factors which could account 

for the results. 

Run LA-17 was a test run under the conditions of LA-15 to 

evaluate pelletized hydrothermally reacted nutrient. The pellets dis- 

integrated during the run.. 

Previous observations on mixed oxide nutrient prompted an 

experiment designed to take advantage of the in-situ reaction of AI2O3 

and L&2O3  in the hydrothermal environment.  A silver can for run LA-18 

was  de with two baffles dividing the can into thirds.  Ruby was 

place., in the top section, LaA103  seeds in the middle zone and L&2O3 

powder placed in the bottom.  The top and bottom temperatures were 

equalized at 4750C with the middle section about 250C cooler.  Pressure 

was at 26,000 psi  Less than ten percent weight gain resulted, but 
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Hydrothermal Crystal Growth (continued) 

all the La203 in the system had reacted to form LaAlO^ halting further 

growth  A means of reducing the rate of reaction of the LA2O3 in the 

bottom of the vessel would greatly increase the yield of LaA103 in the 

seed section 

Run LA-20 was to determine if there was any impurity intro- 

duced in the pelletized nutrient.  Nutrient for LA-20 consisted of 

the starting material from which the pellets in LA-18 were fabricated 

A tabular summary of the large crystal growth runs attempted during 

the report period is presented in Table III. 

B   Nutrient Preparation 

The investigation for the preparation of a convenient 

nutrient form was continued-  Two hundred and fifty grams of sintered 

pills 3/8 inches in diameter by 1/4 inch thick were made.  The start- 

ing material for the pills was hydrothermally reacted LagC^ and scrap 

flame fusion ruby  The granular greenish powder was first boiled in 

nitric acid to remove any residual carbonates and hydroxides, then 

dried and sent to National Beryllia Company for sintering  The powder 

was pelletized and subsequently fired at 3300oF for six hours .  Deteri- 

oration on continued exposure to the atmosphere has not occurred to 

the pellets as it had to oxides reacted via sintering only.  The 

difference, we believe, is that in this case the starting material was 

reacted LaA103 rather than the mechanical mixture of La203 and AI2O3 

powders,  A portion of this nutrient material has been tested to see 

if it will retain its form on being subjected to the growth conditions 

All the pills in run No  17 had completely disintegrated into the 

coarse powder form the pills were fabricated from. 
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Rli-503 

Hydrothermal Crystal Growth (continued) 

Alumina may serve as a binder if it were added to the hydro- 

thermally reacted LaA103 powder before pelletizing and firing-  U^e of 

such a binder may require placing a sapphire sped in the growth cham- 

ber with the LaAlOj seeds to act as a sink for excess binder 

C-  Autoclaves 

Early in the report period one of the vessels developed a 

leak during a run-  After cool-down when *he vessel could be opened 

the external portion of the fill was found to be basic.  A nieticulous 

examination of the silver can revealed a porous section of weld at the 

top of the can  Potassium carbonate solution had leaked through the 

porous section of the weld causing very small longitudinal stress 

corrosion cracks to appear in the seal area.  Grinding the seal surface 

until no evidence of cracks was found by dye penetrant check and then 

making a test run was tried repeatedly.  The vessel leaked every time 

through the same cracks.  The first time the cracks were found they 

were located by scribing marks on the autoclave body  In this way 

we could tell that they were the same cracks and not new cracks 

appearing each time  We also found that the cracks transcended the 

entire seal region.  A photograph of one of the cracks in the seal 

area is shown in Figure 4  The photograph is of a reflection in a 

dental mirror  With the cracks in the seal area the vessel is usf^ess 

We therefore attempted to repair the vessel  The autoclave was w>ored 

out to match the inside diameter of the threaded section above the 

seal area  A liner was fabricated from a 316 stainless steel seamless 

drawn tube by welding a plur, in the bottom,.  The liner was shrink- 

fitted into the autoclave after which the seal surface was machined. 
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Figure 4 

Cracks m the St■1 Area of an Autoclave 
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Hydrothermal Crystal Growth (continued) 

A drawing showing the liner in place in the autoclave is shown in 

FxgureS. Successful testing of the impaired vessel to 500oC and 

25,000 psi simultaneously has been completed- Routine use of the 

vessel will begin at once. 

Steps have been taken to prevent the recurrence of seal at- 

tack just described, i.e., failure- due to caustic leakage through a 

porous section in the weld of a silver can  All welds are dye pene- 

trant checked prior to use to locate any porous areas in the weld. 

D   Discussion 

The crystal growth and spontaneous nucleation observed to 

ü^te may be the result of a non-equilibrium condition arising out of 

the use of a two-component nutrient  Lanthana and alumina have higher 

solubilities than lanthanum aiuminate does under the same conditions. 

As the hydrothermal conditions were imposed on the oxide mixture the 

A1203 probably dissolved first and left a surplus of La203 over 

stoichiometry in the nutrient section of the vessel.  The excess 

LaaOa could then dissolve at a later time or a higher temperature, 

migrate to the growth zone through the baffle and there react with 

the AI2O3 and cause supersaturation of the solvent with respect to 

lanthanum aluminate.  Crystal growth would begin as a result of the 

supersaturation and would continue until the AI2O3 had all reacted 

with the La203. 

This hypothesis gains strong support from a number of con- 

sistent data.  Crystal growth and spontaneous nucleation has occurred 

only when the nutrient is made up of the mixed oxides  Complete re- 

action of the mixed oxides to form lanthanum aluminate occurs in every 
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Hydrothermal Crystal Growth (continued) 

run, even in aborted runs of less than 24-hour duratioi;.  nil attempts 

to grow lanthanum aluminate in the largr autoclaves using LaAlOj as 

nutrient have failed to produce any recrystallization.  Note particularly 

runs LA-15 and LA-17 where operating conditions are identical except for 

a 50C difference in AT.  A large amount of growth was obtained in LA-15 

using a mixed oxide nutrient while in run LA-17 a lanthanum aluminate 

nutrient yielded no growth at all. 

However, growth on seeds using the LaAlOa for nutrient has 

been obtained in the Tem-Pres apparatus using 1/4 inch diameter cap- 

sules.  Solvent concentration was 7 molal, pressure was 20,000 psi, 

growth temperature was 475 to SOG''C.  The main stumbling block to 

accomplishing equivalent results in the large system is the transla- 

tion of temperature conditions from the Tem-Pres  to the large auto- 

claves  The most obvious, and at the same time the most difficult 

solution would be internal temperature mcasurementr of the operating 

system.  However, due to the technical difficulties, a relationship 

between external temperatures is the most expedient method, 
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VI.  OPTICAL MEASUREMENTS 

Absorption ~pectra from 6500-10,000Ao of an undoped flux grown 

plate of LaAlOj (amber in color) as well as of hydrothermally grown 

(green) and flux grown (red) crystallites of LaAlC^-Cr have been 

studied by passing light from a tungsten filament lamp through the 

sample and suitable combinations of Corning and Wratten filters to a 

0.5 meter Jarrel-Ash spectrometer.  The light was detected by using 

either S-l or S-5 photodetecting surfaces.  The filters were chosen 

to eliminate undesired orders in the spectrometer.  Relative spectral 

transmissions were obtained by comparing the detected signal with a 

crystal in front of the spectrometer slit to that with the ciystal re- 

moved. 

Fluorescent lines of the doped samples were excited by means of 

a tungsten filament lamp focused on the crystallites, in a glass vial, 

through suitable filters.  The emitted light passed through filters 

before entering the slit of the spectrometer, in order to eliminate 

undesired orders  Detection was by means of an S-l photomultiplier. 

When the undoped plate was illuminated by ultraviolet light it 

was observed to flaoresce orange-red to the eye.  The flux grown 

LaA103:Ct  emitted a strong line at 7356A0 that was about 10Ao wide. 

All other emissions were much weaker.  These included an emission band, 

between 7600A0 and 7356A0, whose strongest component? occurred at 7495A* 

and 7430A0.  Lines also occurred at 7720A0, 7785A0, 7230A0 and 7280A0. 

The hydrothermal sample was very similar in its fluorescpnce in that it 

also emitted its strongest line at 7356A0 and had a much weaker emis- 

sion band between 7600A0 and this line.  The band's strongest compo- 

nents were at 7495A0 and 7430A0  Lines were also observed at 7720A0, 
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Optical Measurements ^Continued) 

7820A0, 7230A0, and 7275A0a 

The strong 'lir? at 7356A0 is due to Cr3+ emission. We assvune 

that the weak lines and bands around it are due to phonon assisted 

transitions. 

Typical transmission curves are shown in Fig 6.  The ordinate 

scale is logarithmic  Resolution is about 200Ao,  Any one curve gives 

the relative transmission of one sample and is unrelated to the curves 

of the other samples. 

The transmission measurements on the doped samples were made on 

small crystals whose sides were neither plane nor parallel.  The crys- 

tals were moved and rotated between measurements in the two wave- 

length regions, longer and shorter than oOOOA0.  Accordingly, the 

thickness of the crystal through which the transmission was measured 

was different in the two spectral regions.  Although the relative 

transmissions are made equal at 6IOOA0, 5300A0 and 6OOOA0 on the curves 

of the flux grown doped and undoped, and hydrothermally grown crystal- 

lites respectively, the absolute magnitudes of the slopes of the curves 

in the two regions are independent because the slope of a transmis- 

sion curve will depend on the thickness of the sample.  Due to the 

small size and irregular shape of the crystals the results obtained 

are qualitative. 

The hydrothermal crystallites had two absorption maxima centered 

at 5900A0 and at 4600A0, with a transmission maximum centered at 5300A0. 

The flux grown sample appeared to have an absorption maximum at 4200A0. 

The absorption of ' oth doped crystal samples decreased toward long 

wavelengths until 6600A0.  At this point the absorption of the hydro- 
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Figure 6 

Transmission vs. Wavelength of LaA103 and LaA103.Cr 
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Optical Measurements (contirued) 

thermal sample leveled off to a low absorption region for longer wave- 

lengths-  The absorption of the flux gro./n sample did net appear to 

level off, but continued to decrease at longer wavelengths  The absorp- 

tion of the undoped plate increased from 5600A0 to 4500A0 and then ap- 

peared to roughly level off to a region of high absorption below 4500A0, 

At wavelengths longer than 5600A0, the undoped sample showed low absorp- 

tion 

It, can be seen that the absorption curve of the hydrothermally 

2 
grown crystallites would be similar to that presented by Forrat, et al 

for 0.5% Cr doped LaA103.     The curve of the flux grown LaAK^rCr 

crystallites la similar to that of Forrat's undoped crystal, colored 

red, containing what he felt were V centers due to randomly distri- 

buted vacant La"* sites. He was able to remove the red color by 

heating in a hydrogen or CO atmosphere.  It would be of interest to 

see whether our flux grown doped sample becomes g ;en after such treat- 

ment.  The occurrence of the fluorescence line at 7356A0 indicates 

the presence of Cr  in both the flux and hydrothermally grown 

samples. Possibly the presence of V centers causes sufficient absorp- 

3+ tion to mask that of the Cr  in the flux grown sample.  Our undoped 

plate had an absorption curve similar to Forra^s undoped crystals 

after he heated them in the hydrogen or CO atmosphere.  These results 

on our flux grown samples might be expected since the doped sample 

3+ 
was grown in PbF2, possibly leading to La  vacancies, while the 

undoped sample was grown in 81203-8203, 
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VII. SUMMARY AND CONCLUSIONS 

The following "onclusions can be drawn from the work of this 

period; 

1) LaAlOa crystals can be grown from molten PbF^, PbO, 

PbO-B203, Bi203 and Bi203-B203, 

2) Growth in Bi203-B203 melts produces the largest and 

best quality crystals of the solvent systems investigated. 

3) Platinum crucible failure is not a major problem when 

crucibles are used with only Bi203. 

4) Crystal growth and spontaneous nucleation in the large 

hydrothermal system may be due to a non-equilibrium situation result- 

ing from the use of the  .xed oxides as nutrient. 

5) Chromium fluorescence has been detected from both 

flux grown and hydrothermal]y grown LaA103.Cr, 

6) The hydrothermally grown LaA103:Cr has a transmission 

maximum at 5300A0 which was not observed in the absorption spectrum 

of the flux grown LaA103:Cr.  The shape of the latter absorption 

3+ spectrum may be due to La  vacancies, 
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VIII.PROGRAM FOR NEXT PERIOD 

1. Optimize BiaOa-E^Oa ratio. 

2. Use both the quenched melt and sealed tube technique»- 

to determine solubility and phase equilibria of LaAlOa in Bi203-B203 

melts. 

3   Growth LaA103 crystals from Bi203-B303 dopeO with vary- 

ing amounts of chromium. 

4. Determine the absorption and fluorescence spectra of 

doped and undoped LaA103. 

5. Optimize growth conditions for LaA103 in Bi203 using 

250 ml crucibles and 5-1/4" can. 

6. Determine effect of variables such as temperature pres- 

sure, % fill, AT and seed orientation on hydrothermal crystal growth 

and crystal quality 

7. Grow large crystals of LaAlOa doped and undoped from 

hydrothermal systems. 

Page 28 

Airtron, a division of Litton Industries 

gpr     >..,       S^^S****""" V 



Rll-503 

IX.  REFERENCES 

i.  J.P.   Remeika, J.Am.Chem.Soc. 78, 4259 (1956) 

2   F.Forrat, R. Jansen, and P. Trevoux, Comp.Rend. 256, 1271 
(1963). 

Page 29 

Airtron, a division of Litton Industries 

-äät- 


